A properly formed testis requires at least two key transcriptional regulators: the androgen receptor (AR) and the retinoblastoma protein (RB). These regulators affect distinct but overlapping genes in Sertoli cells (the cells that support the development of germ cells from spermatogonia to spermatozoa in the seminiferous tubules), and knocking out either protein in this cell type results in infertility. But our understanding of the molecular mediators that convey instructions from these regulators to the DNA is incomplete.
A properly formed testis requires at least two key transcriptional regulators: the androgen receptor (AR) and the retinoblastoma protein (RB). These regulators affect distinct but overlapping genes in Sertoli cells (the cells that support the development of germ cells from spermatogonia to spermatozoa in the seminiferous tubules), and knocking out either protein in this cell type results in infertility. But our understanding of the molecular mediators that convey instructions from these regulators to the DNA is incomplete.
Ray-Chang Wu et al. now fill in some of the gaps by identifying two proteins that seem to help mediate the effects of RB and AR on Sertoli cells. The two candidates, ARID4A and ARID4B, are homologous proteins previously identified as RB-binding proteins. In the current study, the researchers find that these proteins are expressed at high levels in Sertoli cells. To examine the function of these proteins, the researchers created mice homozygous null for Arid4a and heterozygous for Arid4b (homozygous Arid4b mice died in embryogenesis). These mutant mice displayed loss of fertility and other phenotypes resembling the Sertoli-cell knockout of RB or AR, including failures in spermatocyte development like delayed entry into meiosis II.
Microarray analysis of the mutant mice suggested that ARID4A and ARID4B affect the expression of some genes regulated only by AR in Sertoli cells and some regulated by both AR and RB-such as claudin 3, a component of tight junctions. Further experiments suggested that these two proteins can form a complex with the AR to regulate gene expression in Sertoli cells. Whether ARID4A and ARID4B can function as part of an assemblage containing both AR and RB remains to be determined, although previous studies have suggested that RB can interact with AR to co-activate transcriptional activity.
This study broadens our understanding of the complex activators and co-activators of the gene program regulating Sertoli cell function. There has been much controversy in recent years about the source of the cells that give rise to epithelial ovarian cancer, the fifth leading cause of cancer death among women in the United States. Both the ovarian surface epithelium and the epithelium of the fallopian tube have been identified as suspects. New stem cell research indicates a potential ovarian genesis of this condition.
The cells identified by the researchers, Andrea Flesken-Nikitin et al., reside in a portion of the ovary called the hilum region. This region serves as a junction where two types of epithelial cells originate: the epithelia of the ovarian surface and of the fallopian tube.
The researchers found that cells of this region display stem cell properties. For instance, the cells are constantly dividing, a process that revs up in response to ovulation, consistent with a role for these cells in repairing the ovary after it ruptures to release the ovum. In culture, the cells also divide for several generations and express molecular markers typical of stem cells.
To determine whether these stem cells can serve as a source of cancer, the researchers examined the cells in mouse ovaries deficient in both Rb1 (retinoblastoma 1) and Trp53 (transformation-related protein 53, also known as p53), which are both commonly altered in ovarian tumors. The hilum region in these ovaries yielded aberrantlooking cells typical of early tumorigenesis. Hilum cells lacking these two proteins formed tumors when transplanted into mice.
The findings jibe with previous studies suggesting that certain types of tumors, such as gastric cancer, can arise from cells at the junction of two types of epithelia. The common embryological origin of the epithelium of the ovarian surface and the oviduct, and the presence of stem cells at the site of transition between these two epithelial subtypes, may point to a single origin of cancerous cells. In mice, the stem cells that give rise to oocytes and sperm undergo critical changes starting about ten days after fertilization. At that time, the cells initiate gene expression programs that set the stage for becoming male or female gametes, a fate that locks-in about three days Ovarian surface epithelium stem cells expressing the stem cell marker LGR5 (green) in the hilum region of the ovary. Blue, nuclear stain DAPI. Image courtesy Dr. Alexander Nikitin.
later. Very little is known about how these programs are established, but Shihori Yokobayashi et al. fill in a major gap by identifying a central role for components of the Polycomb repressive complex (PRC1), a protein complex known to repress transcription.
Previous studies have shown that primordial germ cells (PGCs) take on the female fate in response to retinoic acid released from a nearby fetal structure; they do so by expressing a key gene, Stra8 (stimulated by retinoic acid 8), and initiating meiosis. In the new study, the researchers examined how Ring1 and Rnf2, two paralogs that are central components of PRC1, help to establish this pattern.
Using conditional knockout experiments, the researchers found that Ring1 and Rnf2 are essential for PGC development between Embryonic Days (E) 10.5 and 11.5. Knocking out both genes resulted in a substantial drop in the number of PGCs expressing pluripotency marker Oct4. After E11.5, Rnf2 was required to maintain expression of Oct4 and other pluripotency markers like Nanog; in PGCs lacking Rnf2, expression of these markers rapidly failed to be maintained. In addition, Stra8 expression occurred a day early in these cells and they prematurely entered meiotic prophase.
The researchers concluded that the exit from the primordial state and the initiation of meiosis is precocious in PGCs lacking Rnf2. Interestingly, precociously activated oocytes were unable to complete meiosis and develop into mature oocytes.
These and other experiments led the researchers to suggest that Ring1 and Rnf2 promote PGC development from E10.5 to E11.5. Rnf2 is subsequently responsible for maintaining female PGC fate by helping to maintain expression of Oct4 and prevent early entry into prophase. PRC was shown to directly interact with the promoter of Stra8, quelling its expression until signaling by retinoic acid reached a threshold that allowed initiation of female germ cell development. The ancient ancestors of today's birds lost an ovary in an adaptation that may have helped them take flight. At least, that's one interpretation of a study examining three 120 million-year-old fossils that contained preserved ovaries.
Non-avian dinosaurs had two working ovaries, but almost all of today's birds-the kiwi being one exception-have only one, located on the left side. Researchers have long speculated that this loss served to lighten the birds' load for flight, but evidence for this notion has been scant.
Xiaoting Zheng et al. took a close look at three fossils of birds that evolved soon after the evolutionary transition from non-avian to avian dinosaurs. One was Jeholornis, a bird with dinosaur-like characteristics such as a long, bony tail; the other two belonged to a group called the enantiornithines, the birds that lived at the time of the dinosaurs. Each of the specimens had remarkably preserved ovarian follicles in a single ovary on the left side of the body. Finding this trait in early birds supports the notion that loss of an ovary helped them become airborne.
In other ways, the fossils had a mishmash of transitional traits, some resembling those of birds and others resembling those of nonavian dinosaurs. For example, today's birds generally lay small clutches, whereas an examination of the follicles in Jeholornis' ovary suggests that it laid approximately 20 eggs. The closest dinosaur relatives to birds are known to have laid numerous eggs per clutch and dad, though probably not as attentive as today's bird parents, is thought to have done the work of keeping the eggs warm, as is true in some bird species today.
The fossils provide an unusual window into the evolution of bird reproduction and its link with other traits. Preserved ovarian follicles in Enantiornithes. Ovarian follicles are present on the left side of the body, suggesting that the right ovary was lost early in avian evolution. Credit: X.-L. Wang.
